Degradation pathway for pitavastatin calcium is established as per ICH recommendations by validated and stability indicating reverse phase liquid chromatographic method. Pitavastatin is subjected to stress conditions of acid, base, oxidation, thermal and photolysis. Significant degradation is observed in acid and base stress conditions. Four impurities are studied among which impurity-4 is found prominent degradant. The stress samples are assayed against a qualified reference standard and the mass balance is found close to 99.5%. Efficient chromatographic separation is achieved on a BEH C18 stationary phase with simple mobile phase combination delivered in gradient mode and quantification is carried at 245 nm at a flow rate of 0.3 mL min -1 . In the developed UPLC method the resolution between pitavastatin calcium and four potential impurities is found to be greater than 4.0. Regression analysis shows an r value (correlation coefficient) of greater than 0.998 for pitavastatin calcium and four potential impurities. This method is capable to detect the impurities of pitavastatin calcium at a level of 0.006% with respect to test concentration of 0.10 mg/mL for a 2-µL injection volume. The developed UPLC method is validated with respect to specificity, linearity & range, accuracy, precision and robustness for impurities determination and assay determination.
Introduction
Pitavastatin: (E)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-hept-6-enoic acid. Pitavastatin (usually as a calcium salt) is a novel member of the medication class of statins. Like the other statins, it is an inhibitor of HMG-CoA reductase, the enzyme that catalyses the first step of cholesterol synthesis. It has been available in Japan since 2003, and is being marketed under license in South Korea and in India. It is likely that pitavastatin will be approved for use in hypercholesterolaemia [1 -2] . There are some mass detection methods reported for determination of pitavastatin in plasma and biological fluids and two methods for pitavastatin quantification in tablets by HPLTC were reported [3] [4] [5] [6] . As far as we are aware there is no stability-indicating LC method for determination of related substances and assay determination of pitavastatin calcium. In this paper we describe validation of related substances and assay methods for accurate quantification of four potential process impurities in pitavastatin calcium samples as per ICH recommendations. Intensive stress studies are carried out on pitavastatin calcium; accordingly a stability-indicating method is developed, which could separate various degradation products.
The present active pharmaceutical Ingredient (API) stability test guideline Q1A (R2) issued by international conference on harmonization (ICH) [7] suggests that stress studies should be carried out on active pharmaceutical ingredient (API) to establish its inherent stability characteristics, leading to separation of degradation products and hence supporting the suitability of the proposed analytical procedures. It also requires that analytical test procedures for stability samples should be stability indicating and they should be fully validated. Accordingly, the aim of present study is to establish degradation pathway of pitavastatin calcium through stress studies under a variety of ICH recommended test conditions [7] [8] [9] .
Experimental Design

Chemicals
Samples of pitavastatin calcium with purity more than 99.8% and its related impurities having purity more than 99.0% are received from Shasun research centre, Chennai, India (Figure 1) . HPLC grade acetonitrile is purchased from Merck, Darmstadt, Germany. Analytical reagent grade orthophosphoric acid and is purchased from Merck, Darmstadt, Germany. High purity water is prepared by using Millipore Milli-Q plus water purification system.
Procedure
Equipments
The LC system, used for method development and method validation is Waters-Acquity UPLC. The output signal is monitored and processed using Empower 2 software on Pentium computer (Digital equipment Co). UPLC is equipped with Binary gradient pump, Auto Sampler, thermostatted column compartment, Tunable UV Detector, Auto sampler thermostatted, Computer with windows based Empower 2 Method validation manager software.
Chromatographic Conditions
The chromatographic column used is Waters BEH C18 (100 × 2.1 mm) with 1.7µm particles. The mobile phase-A contains a 0.03% of orthophosphoric acid buffer (0.3mL/L). Acetonitrile is used as mobile phase-B. The flow rate of the mobile phase is 0.3 mL/min with a gradient program of 0/45, 2/45, 2.5/100, 4/100, 4.5/45 and 5/45 (time (min)/%B).
The column temperature is maintained at 40°C and the detection is monitored at wavelength of 245 nm. The injection volume is 2 µL. Diluent consists water and acetonitrile in the ratio 90:10.
Preparation of Solutions
All the impurities are dissolved initially by adding 5 mL of acetonitrile then make up to the volume with diluent. A Stock solution of pitavastatin calcium (0.10 mg/mL) is prepared by dissolving appropriate amount in the diluent. Working solution 10 µg/mL is prepared from above stock solution for assay determination.
Method development and optimization
Impurities and pitavastatin calcium solutions are prepared in diluent at a concentration of 100 ppm and scanned in UV-visible spectrometer; all the 4 impurities and pitavastatin calcium are having UV maxima at around 245 nm which is selected for method development purpose. 1 mL/min. Spike sample analysis revealed that principal peak RT is late and impurities 1 and 3 are not resolved properly. Similar results are obtained with other C18 columns length with the 250 mm. To further resolve the impurity-1 and impurity-3 triethyl-amine is added to buffer then impurity-1 and impurity-3 are separated but the retention time of pitavastatin calcium is late.
Gradient program is introduced for better resolution between Impurity-1 and impurity-3, 0.03% H 3 PO 4 buffer used as mobile phase-A and 100% acetonitrile is used as mobile phase-B. Initial ratio of buffer: acetonitrile tried as 80:20 in this case impurity-1 and impurity-3 are well resolved but peak shapes are not good for all components and retention time of pitavastatin calcium is not decreased. Shorter length columns are selected like 50mm and 100 mm with the 4.6 mm diameter of symmetry C18 and C8 for decreasing of retention time for pitavastatin calcium peak in this case pitavastatin calcium retention is decreased but impurities all are not resolved well. Keeping these disadvantages the shorter length and less internal diameter column like waters BEH C18 column is selected with the dimensions 50 × 2.1 mm 1.7µm in this column all components are separated with the minimum resolution 1.5.
To increase the resolution between each component 100 × 2.1 mm column is selected. After several other trails satisfactory results (Retention time of pitavastatin calcium is ~1.16 min and the resolution between all the impurities is > 4.0) are obtained with optimized conditions. In the optimized conditions pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are well separated with a resolution greater than 4.0 and the typical retention times of pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are about 1.169, 3.763, 1.763, 3.984 and 2.361 min respectively meeting the chromatographic system suitability requirements ( Table 1) .
Analytical Method Validation
The developed chromatographic method is validated for specificity and stress studies, sensitivity, linearity & range, precision, accuracy, and robustness and system suitability [10] [11] [12] [13] [14] [15] .
Specificity and Stress Studies
Specificity is the ability of the method to measure the analyte response in the presence of its potential impurities. The specificity [10] [11] of the developed LC method for pitavastatin calcium is determined in the presence of its impurities namely Impurity-1, Impurity-2, Impurity-3 and Impurity-4 at a concentration of 0.15 µg/mL and 
Precision
The precision of the related substance method is checked by injecting six individual preparations of (100 µg mL -1 ) pitavastatin calcium spiked with 0.02% each impurity.
The %RSD for percentage of each impurity is calculated. The intermediate precision (ruggedness) of the method is evaluated by different analyst using different column, different day and different analyst in the same laboratory.
The precision of the assay method is evaluated by carrying out six independent assay of test sample of pitavastatin calcium against a qualified reference standard. The %RSD of six obtained values is calculated.
Sensitivity
Sensitivity was determined by establishing the Limit of detection (LOD) and Limit of quantification (LOQ) for each component estimated by based on the Signal to noise ratio method. The precision study was also carried out at the LOQ level by injecting six replicates and calculated the % RSD for the area of each component.
Linearity and Range
Linearity test solutions from LOQ to 150% with respect to test concentration are prepared by diluting the impurity stock solution to the required concentrations. For assay method test solutions from 50% to 150% with respect to test concentration are prepared by diluting the stock solution to the required concentrations. The correlation coefficient, slope and Y-intercept of the calibration curve are calculated for the both related substances and assay methods.
Accuracy
A known amount of the impurity stock solutions are spiked to the previously analysed samples at LOQ, 100 and 150% of the analyte concentration (100 µg/mL). The percentage of recoveries for Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are calculated. A known amount of pitavastatin calcium stock solution spiked to the sucrose at 50%, 100% and 150% of the analyte concentration (10 µg/mL). Each concentration level is prepared for three times. The percentage of recoveries is calculated.
Robustness
To determine the robustness of the developed method, experimental conditions are deliberately changed and the resolution between each component is evaluated. The flow rate of the mobile phase is 0.3 mL/min. To study the effect of flow rate on the resolution, 0.03 units changed i.e. 0.27 and 3.3 mL/min. The effect of column temperature on resolution is studied at 35°C and 45°C instead of 40°C. In the all above varied conditions, the components of the mobile phase are held constant.
Solution Stability and Mobile Phase Stability
The solution stability of pitavastatin calcium and its related impurities are carried out by leaving spiked sample solution in tightly capped volumetric flask at room temperature for 48 h. Impurity content is determined for every 6 h interval up to the study period. Mobile phase stability is also carried out for 48 h by injecting the freshly prepared sample solutions for every 6 h interval. Impurity content is checked in the test solutions. Mobile phase prepared is kept constant during the study period.
Results and Discussion
Specificity and Stress studies
Stress studies on pitavastatin calcium under different stress conditions suggested the following degradation behavior ( Table 2) .
Degradation in Acid Stress Condition
Pitavastatin calcium gradually undergone degradation with time in 1 N HCl upon heating for 2 h and prominent degradation is observed as impurity-4.
Degradation in Base Stress Condition
Pitavastatin calcium is gradually undergone degradation with time in 1 N NaOH upon heating for 2 h and prominent degradation is observed as impurity-2 and impurity-4.
Degradation in Peroxide Stress Condition
Pitavastatin calcium is gradually undergone degradation with time in 10% H 2 O 2 upon heating for 2 h and mild degradation is observed as impurity-4.
Degradation in Neutral (Water) Stress Condition
Pitavastatin calcium is exposed water heating for 2 h, no degradation is observed.
Photolytic Stress Condition
Pitavastatin calcium is exposed to light for an overall illumination of 1.2 million Klux hours and an integrated near ultraviolet energy of 200-watt hours/square meter (w/mhr) (in photo stability chamber), mild degradation is observed.
Thermal Stress Condition
Pitavastatin calcium exposed to dry heat at 100°C for 48 hours, no degradation is observed.
The mass balance of stressed samples is close to 99.5%. The assay of pitavastatin calcium is unaffected in the presence of four impurities and its degradation products confirm the stability indicating power of the developed method.
Method Validation
Precision
The %RSD of area of pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 and %RSD of area% of each impurity in precision study are within 5.0% confirming the good precision of the developed analytical method. The %RSD obtained in intermediate precision study for pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are well within 5.0%, confirming the intermediate precision of the method. The %RSD obtained in precision and intermediate precision studies for pitavastatin calcium are well within 1.0% of assay determination method.
Sensitivity
The limit of detection of pitavastatin calcium, impurity-1, impurity-2, impurity-3 and impurity-4 is 0.006% (of analyte concentration, i.e. 100 µg/mL) for 2 L injection volume. The limit of quantification of pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 is 0.02% (of analyte concentration, i.e. 100 µg/mL) for 2 L injection volume. The % RSD for area of pitavastatin calcium, Impurity-1, Impurity-2, Impurity-3 and Impurity-4 are below 5 for precision at LOQ level.
Linearity and Range
Calibration curve obtained by the least square regression analysis between average peak area and concentration showed linear relationship with a correlation coefficient of 0.998 over the calibration ranges tested. Linear calibration plot for related substance method is obtained over the calibration ranges tested, i.e. LOQ to 0.225% for Impurity-1, Impurity-2, Impurity-3 and Impurity-4 and LOQ to 0.15% for pitavastatin calcium. The correlation coefficient obtained is greater than 0.998 for all four impurities and pitavastatin calcium. The result shows an excellent correlation existed between the peak area and concentration of pitavastatin calcium and all impurities. Linear calibration plot for assay determination method is ob-tained over the calibration ranges tested, i.e. 50 to 150% for pitavastatin calcium and found the correlation coefficient more than 0.999. The results shows an excel-lent correlation existed between the peak area and con-centration of pitavastatin calcium in assay determination method (Figure 3, Table 3 ).
Robustness
Close observation of analysis results for deliberately changed chromatographic conditions (flow rate and column temperature) revealed that the resolution between closely eluting impurities, namely impurity-1 and impurity-3 is greater than 4.0, illustrating the robustness of the method.
Solution Stability and Mobile phase Stability
The %RSD of assay of pitavastatin calcium during solution stability and mobile phase stability experiments is within 1.0. No significant changes are observed in the content of impurity-1, impurity-2, impurity-3 and impurity-4 during solution stability and mobile phase stability experiments. The solution stability and mobile phase sta- bility experiments data confirms that sample solutions and mobile phase used related substance determination are stable up to the study period of 48 h. Analysis is performed for different samples of pitavastatin calcium (n = 3). All the four impurities in these samples are less than 0.1% and Assay is more than 99.5%. 
Conclusions
The degradation pathway of pitavastatin calcium is established as per ICH recommendations. The gradient UPLC method developed and used for stress studies is also fit for quantitative, related substance and assay determination of pitavastatin calcium. The method is validated as per ICH requirements. The developed method is stability indicating which can be used for the impurity testing and assay determination in routine analysis of production samples and also to analyze stability samples.
